is controlled by some stereochemical selection rule. Contrary to de Mayo's result, both cisand trans-2-butenes, in cycloaddition with a cyclohexenone derivative, often gave a mixture of the stereoisomers with almost identical relative ratios from either compound.4,10) The failure to retain the stereochemistry of the olefin moiety in the product was explained in terms of rotational equilibration of the 1,4-biradicals. 4) We have shown in the preceding paper1) that the photocycloaddition of the dioxopyrroline 1 to electron-rich olefins proceeds with high regio-and stereoselectivity to give the cisfused cyclobutanes, 5-ethoxycarbonyl-1-phenyl-7-substituted-2-azabicyclo[3.2.0]heptane-3,4-diones 2 and 3, with HT regiochemistry. The stereoselectivity in this reaction varies depending on the nature of the substituents of the olefins; olefins carrying phenyl, vinyl, thiophenyl, and Formation of two isomers relating to the C6-deuterium stereochemistry in 4Z and 5Z could not arise from either photo-isomerization of the olefin prior to photoaddition or that of the adducts, since (Z)-d-styrene did not isomerize to (E)-d-styrene under similar irradiation, and the ratio of 4a and 4b was independent of the reaction time. The above results therefore indicate that styrene undergoes cycloaddition to 1 in an antarafacial manner (or with inversion of configuration).
The stereochemical assignments of 6-exo-and 6-endo-H in 4Z and 5Z (and also in 4E and 5E) were achieved by nuclear Overhauser effect (NOE) observation as follows. The deuterated exo-adduct 4Z exhibits the C7-H (endo) signal at 54.19 and C6-H signals at 6 2.68 (d) and 3.53 The stereo-selection rule that we proposed here seems to work reliably for predicting the stereochemistry of [2 + 2] photocycloaddition of enone-olefin pairs. Although there are some exceptions,10,24) many examples hitherto reported in the literature, i.e. the exo-or endoselectivity in photo-cycloaddition of cyclic enones to monosubstituted olefins,13.23) the trans addition of cyclohexenes to cyclopentenones18b,c) and the trans addition of cyclohexenones to cyclopentenes,5) can be rationalized in terms of this rule. However, we have to emphasize that at the present stage this rule is an empirical one, for which a theoretical background is awaited.
Experimental
Unless otherwise stated, the following procedures were adopted. Melting points were taken on a Yanagimoto micro hot-stage apparatus, and are uncorrected. Infrared (IR) spectra were taken in Nujol mulls with a Hitachi 260-10 spectrometer and are given in cm-1. Ultraviolet (UV) spectra were recorded in dioxane with a Hitachi 200-10 spectrophotometer. 1H-NMR (100 MHz) spectra were taken in CDCl3 solution with TMS as an internal standard on a JEOL FX-100 spectrometer. High-resolution mass spectra (MS) were recorded on a JEOL JMS-D300 mass spectrometer. For column chromatography, silica gel (Wako-gel C-200) was used. Thin layer chromatography (TLC) was performed on precoated Silica gel 60 F254 plates (Merck). The photolysis solution was irradiated internally using a 300 W high-pressure mercury lamp (Eikosha Halos PIH 300) with a Pyrex filter.
The Photocycloaddition of 1 to (Z)-and (E)-d-Styrene (Z)-d-Styrene
A solution of 1 (1 g, 4 mmol) and (Z)-d-styrene (1.3 g, 12 mmol) in dimethoxyethane (DME) (300 ml) was irradiated for 45 min under ice cooling. The residue obtained by evaporation of the solvent was crystallized from CH2Cl2-Et2O to give 4Z. Chromatography of the mother liquor over SiO2 in CH2Cl2 and crystallization of the eluate from CH2Cl2-Et2O gave another crop of 4Z and 5Z. 
